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ABSTRACT: 

PURPOSE: To improve the position accuracy of a display 
part and to decrease 

the man-hours for operation and material cost by forming a 

sealing material to 

a black or nearly black color. 

CONSTITUTION: An upper glass substrate 1 formed with an 
upper electrode la 

and a lower glass substrate 2 formed with a lower electrode 
2a are disposed to 

face each other and the circumference thereof is sealed by 
the sealing material 

3. The sealing material 3 is formed by incorporating a dye 



COUNTRY 
N/A 



of a black or 

nearly black color into the sealing material. An upper 
polarizing plate 5 and 

a lower polarizing plate 6 are stuck to the outer side of 
the substrates 1, 2. 

The sealing material 3 absorbs and shuts off light and the 
display region of a 
bright contour is obtd. 
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ABSTRACT 



Avionic cockpit display applications require 
AMLCD' s having extended and specific viewing 
angle characteristics. A typical cone is +/-60 
degrees horizontal, and 0 to +30 degrees vertical. 
We used a Berreman 4x4 matrix based model to 
identify the necessary birefringent film values to 
optimize the display. The key parameter in the 
model was maximizing the region where the 
contrast ratio is greater than 50: 1 , without 
distorting the color gamut. We .will show how 
well our current production units match our 
modeling results. 



INTRODUCTION 

Active matrix liquid crystal displays (AMLCD's) 
are finding increasing use in avionic cockpit 
applications. The requirements [1] for avionic 
displays are, however, quite different and more 
stringent than those for commercial displays. This 
includes the viewing angle requirements. Unlike 
commercial displays, avionic displays must often 
be viewed by both pilot and copilot. Thus they 
require a very wide horizontal field of view. 
Further, it is typically not possible to tilt the 
display in the aircraft towards the operator. 
Hence, an off axis vertical viewing cone is 
mandated. Naturally, the field of views differ 
greatly depending upon where the display is 
placed, and upon the type of aircraft. However, a 
generic set of requirements can be assembled 
which can serve as a goal for modeling efforts. 



The model that matches these requirements then 
becomes the standard display configuration, 
which we can adjust to meet different customer 
needs. 

MODELING RESULTS 

In this work we used the modeling program Twist 
Cell Optics [2] from Kent State University which 
is based on the fast Berreman 4x4 matrix method. 
Based on several potential customers 
requirements we generated the following model 
goals: 

Field of View (FOV) 

Horizontal +/- 60 degrees 



Vertical 
Contrast Ratio 
> 20: 1 

Chromaticity 

Ar < 0.02 
AC* < 24 



0, + 30 degrees 

within defined FOV 
(maximize >50:1 region) 

for colors within FOV 
for black state within FOV 



No contrast inversion within FOV. 

With a few modifications, these requirements 
would satisfy our current contracts. The chromatic 
shift Ar above is defined as 



Ar = V( W W 0 ) 2 +(vWJ 2 

where u* and v* are the CIE 1976 chromaticity 
coordinates and u' 0 and v' 0 are the chromaticity 
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